The lunar surface is covered with a thick layer of sub-micron/micron size dust grains formed by meteoritic impact over billions of years. The fine dust grains are levitated and transported on the lunar surface, as indicated by the transient dust clouds observed over the lunar horizon during the Apollo 17 mission. Theoretical models suggest that the dust grains on the lunar surface are charged by the solar UV radiation as well as the solar wind. Even without any physical activity, the dust grains are levitated by electrostatic fields and transported away from the surface in the near vacuum environment of the Moon. The current dust charging and levitation models, however, do not fully explain the observed phenomena. Since the abundance of dust on the Moon's surface with its observed adhesive characteristics has the potential of severe impact on human habitat and operations and lifetime of a variety of equipment, it is necessary to investigate the charging properties and the lunar dust phenomena in order to develop appropriate mitigating strategies.
INTRODUCTION
Ever since the astronauts' surprising observations of the ubiquitous nature of dust in the lunar environment during the Apollo missions, a great deal of theoretical and experimental activity has been devoted to investigate the properties of lunar dust and the nature of the observed physical phenomena. The astronauts found the lunar dust to be unexpectedly high in its adhesive characteristics, sticking to the suits, the instruments, and the lunar rover. Lunar Surveyor Spacecrafts (Criswell, 1973; Rennilson and Criswell, 1974 ) and the Lunar Ejecta & Meteorite Experiment on Apollo 17 (Berg, 1978) indicated the presence of transient dust clouds in the lunar environment. A horizon glow over the lunar terminator and high altitude streamers were observed by the astronauts on the Apollo 17 spacecraft (e. g., Criswell, 1973 , McCoy and Criswell, 1974 , Rennilson and Criswell, 1974 Pelizzari and Criswell, 1978) . This phenomenon was observed during the lunar sunrise and sunset by astronauts both on the surface and in the spacecraft in orbit, and was recorded in their logbooks. The Clementine Spacecraft in a later mission has also detected the phenomenon of high altitude lunar horizon glow (Zook and McCoy, 1991; Zook et. al., 1995) .
The lunar regolith, formed by the impact of meteorites, micrometeorites, cosmic rays, and the solar wind over billions of years, is composed of irregularly shaped fine and coarse dust grains with size distribution in the range of nano-meter, sub-micron, centimeter size or larger.
The lunar gravity is about 1/6 th of the earth and surface pressure is 10 -12 torr (~ 2x10 5 mol/cm -3 ). With virtually no atmosphere, the lunar regolith is exposed to the intense unimpeded solar electromagnetic radiation in the visible, UV, and x-ray spectral regions, as well as charged particle radiation that includes high energy (1-10 GeV/nucleon) galactic cosmic rays, and the solar wind flux. In addition, even the smallest micrometeorites impact the lunar surface at high velocities. percentages (e.g., Carrier, III, W D., 1973; Johnson et al., 1972; McKay et al., 1974; Rose et al., 1975; Heiken at al., 1991) .
The solar wind, UV radiation, X-rays, and cosmic rays, lead to charging of the lunar regolith and the dust grains charging process on the dayside of the lunar surface is believed to be the UV radiation at wavelengths < 200 nm with photon energies higher than the work function of the lunar regolith materials. On the night side, the interaction of the solar wind plasma with the lunar regolith, charges the dust grains negatively, predominantly by low energy electrons due to their higher mobility (Halekas et al, 2002) . The large electric fields created over the terminator are assumed to produce the dust clouds that are observed as a glow produced by sunlight scattered over the horizon. The current dust charging and levitation models, however, are only qualitative and do not fully explain the observed phenomena (Manka, 1973; Freeman et al., 1973; Pelizzari and Criswell, 1978; e.g., Horanyi, 1996; Horanyi, et al. 1995 Horanyi, et al. , 1998 Stubbs et al., 2005) Since the abundance of dust on the Moon's surface with its observed adhesive characteristics is believed to have the potential of a severe deleterious effect on the human habitat, the operations, and the lifetimes of a variety of equipment in the projected exploration initiative, the lunar dust properties and the observed phenomena need to be investigated. Viable models of charging, levitation, and transportation of dust grains in the lunar environment need to be developed in order to implement effective mitigating strategies. A crucial parameter in evaluation of the dust charging mechanism is the photoelectric yield of sub-micron/micron size dust grains exposed to UV radiation, usually defined as the number of electrons emitted per photon absorbed. Accurate theoretical models for calculation of the photoelectric yields are not yet available, and information for photoelectric emissions for materials of various compositions has to be determined experimentally. Such measurements, however, are generally available for bulk materials only, although on theoretical considerations it has long been recognized that the photoelectric yields of individual sub-micron/micron size grains are substantially different from the corresponding values for the bulk materials (e.g., Watson, 1972; Draine, 1978; de Heer, 1993; Wong et al., 2003) . A laboratory facility that permits investigation of the optical and physical properties of individual micron size dust grains in simulated space environments has been developed at NASA Marshall Space Flight Center.
This facility has been employed for measurements of: (a) Radiation pressure on individual micron size SiO 2 spherical dust grains of ~ 0.5 to 3.4 μm radii illuminated by 5320 Å laser light (Abbas et al., 2003) ; (b) Rotation and alignment of individual SiC irregular shaped dust grains of effective radii of ~ 0.1 to 8 μm radii exposed to 5320 Å laser light simulating the rotation of dust grains in the interstellar medium (Abbas et al., 2004) ; (c) Photoelectric efficiencies and yields of individual dust grains of ~ 0.1 to 10 μm radii of interstellar composition (Abbas et al., 2006a) . The first photoelectric emission measurements on the analogs of individual interstellar dust grains reported in the above reference indicated the yields decreasing substantially with grain size for sub-micron size grains. This trend is consistent with the semi-classical models developed for atomic clusters as well as laboratory measurements on clusters composed of a few to several thousand atoms.
In this paper, we present the first measurements of the photoelectric efficiencies and yields of sub-micron/micron size individual lunar dust grains selected from sample returns of the Apollo 17 and Soviet Luna 24 missions. Measurements on similar size grains selected from the JSC-1 lunar simulants are also presented for comparison. Preliminary yield measurements on lunar dust grains have been given in previous short publications (Abbas et al., 2006a-c) . A brief description of the experimental technique based on an electrodynamic balance employed in the photoelectric yield measurements is given in section 2. The basic theory and the equations used for calculations of the photoelectric efficiency and yields of individual dust grains are discussed in section 3. In section 4 we present the experimental results of the photoelectric efficiencies and yields of individual dust grains selected from the lunar sample returns of Apollo 17 and Luna 24 missions, and the JSC-1 lunar simulants. A theoretical discussion on the experimental results on photoelectric yields is given in section 5, with a summary and conclusions in section 6.
EXPERIMENTAL TECHNIQUE
The photoelectric emission measurements on lunar dust grains were made on an experimental facility based on an electrodynamic balance that permits levitation of individual sub-micron /micron size particles in simulated space environments. The basic theory of the experimental technique has been given in detail in previous publications (e.g., Davis, 1985; Spann et al., 2001 , Abbas et al., 2002 . A brief description of the facility for measurements on lunar dust grains is given here for convenience.
Experimental Equipment
The electrodynamic balance employed here consists of top and bottom electrodes of hemispherical configuration kept at DC potentials with respect to the ground to balance the gravitational force on the dust grain, and a central electrode of cylindrical configuration at a high AC voltage. The applied fields produce a null potential at the geometric center of the system, and a charged grain injected into the chamber is trapped in the potential well.
Mathematical solutions of the equation of motion of a particle in the electric field of such a configuration permit stable solutions only for a certain range of values of the AC and DC potentials and the AC frequency. A charged particle injected into such an electrodynamic balance may be kept stably trapped for extended periods of time and a variety of experiments may be conducted in simulated space environments. A fundamental quantity measured directly on the electrodynamic balance is the charge-to-mass ratio of the trapped particle and is given
where g is the gravitational acceleration, C o is a geometric constant of the trap experimentally determined to be 0.68, and z o = 0.765 cm is the DC electrode distance to the trap center. With measurements of V dc , the charge-to-mass ratio of a trapped particle is thus a directly measurable quantity and is the basis of all measurements on an electrodynamic balance. The mass m and the charge q of the trapped particle are determined separately with measurement of the effective diameter D of the particle of known mass density ρ.
A schematic of the experimental setup for photoelectric emission measurements on lunar dust grains is shown in Fig.1 . With some modifications, this facility has been employed for unique measurements of radiation pressure, rotation, and photoelectric efficiency of individual micron size dust grains, as mentioned in section 1. Preliminary measurements of charging properties of individual submicron/micron size dust grains selected from the sample returns of Luna 24 and Apollo 17 lunar missions have also been given in recent short publications (Abbas et al., 2006a,b) .
Experimental Procedure
A small sample of each category of dust grains is mixed in distilled water, and a few drops of this uniformly mixed solution are inserted into a liquid particle injector. The particles are inductively charged with a high electric field in the particle injector fitted with a calibrated 10-50 μm diameter orifice at the center (Spann, et al., 2001 , Abbas et al., 2003 . Although dry particle injections into the trap have also been attempted successfully, a wet particle injection method was used in this study for convenience, where all particles are initially charged negatively, and discharged by exposure to UV radiation. With suitable choice of the electrical potentials and the frequency, a single particle is stably trapped in the electrodynamic balance for extended periods of time. With wet particle injection, the dust grain loses the water content quickly, in particular after initiation of the evacuation procedure, and with the heating arising from exposure to the He-Ne laser light.
After stable trapping of an individual dust grain of known composition and density, the effective diameter of the grain is determined by utilizing the marginal stability conditions based on the atmospheric drag at ambient pressures of ~ 1 to 10 torr (e.g., Davis, 1985) . With the measurement of the charge-to-mass ratio q/m (Eq. 1), and the effective diameter of the particle of known composition and density ρ, the trapped particle is characterized both in terms of the charge q and mass m. The pressure in the chamber is allowed to reach lower values of ~ 10 -4 to 10 -5 torr for carrying out photoelectric emission experiments. With dust grains of known composition, density, and effective diameter, levitated in simulated space conditions, a variety of experiments may be conducted. An example of charging and discharging of a dust grain as a function of time is shown in Fig. 2 with a selected portion of the data, to illustrate the capability of the experimental facility. The plot shows a 2.3 μm radius polystyrene particle with an initial charge of ~ 885e, acquiring an equilibrium charge of ~ 1280e by photoelectric emissions with UV radiation at 160 nm wavelength, discharged to a charge of ~ 880e when exposed to a 2500 eV electron beam, and again reaching an equilibrium charge of ~ 1287e when exposed to "white light" with radiation all wavelengths from the deuterium lamp at t ~ 1388 min. Figure 3 exhibits the discharging of o.18 μm radius Apollo 17 negatively charged dust grain when exposed to UV radiation at wavelengths of 120 nm, 140 nm, and 160 nm. In about 75 minutes of exposure to the incident UV photons, the particle is discharged from an initial value of ~ 18oe to less than 10e, at which it is ejected from the trap. The corresponding DC voltage required to keep the particle stable trapped at the balance center is also shown.
In the following section, we discuss the basic equations required in calculations of the photoelectric efficiency and yield of micron size dust grains by photoelectric emissions only.
BASIC EQUATIONS FOR PHOTOELECTRIC EMISSIONS
The experimental setup described above provides a straightforward capability for measurements of the photoelectric yields of individual dust grains levitated in the trap. The calculation of the photoelectric yield is based on direct measurements of the photoelectrons emitted per second by a dust grain exposed to UV radiation, and the number of photons incident on the dust grain per second. The former quantity is determined from Eq. (1) by monitoring the grain charge q(t), and the discharge rate q t ∂ ∂ , and the latter is calculated by measuring the photon flux in the UV beam by reflecting it to a photo-multiplier tube (PMT) and measuring the collected current. The number of photoelectrons emitted per second by a dust grain is a function of the charge or the surface potential of the grain and may be written as The number of photons per second in a UV radiation beam at wavelength λ is determined with measurement of the current collected by a PMT with the projected cathode area larger than the UV beam width, and is given by:
where ( ) pmt i λ is the current measured by the PMT at wavelength λ, η q is the quantum efficiency, G is the gain of the PMT, and R represents the reflectance of the mirror (Fig. 1) . To evaluate the number of photons per second incident on a dust grain of effective diameter D, we assume a Gaussian radial distribution of photons in the beam as: 
For the PMT used in the photoelectric emission measurements discussed in this paper, the gain G = 600 and R = 0.6, equation (6) may be written as:
In the measurements presented here, the photoelectric efficiency is defined as the number of electrons emitted by the dust grain per incident photon, and is a function of the charge q or the grain surface potential φ s :
( )
The photoelectric yield, on the other hand, is usually defined in the literature as photoelectrons emitted per photons absorbed with the grain potential approaching zero, and may be written as
where is the absorption efficiency of the grain and may be obtained by using Mie scattering theory calculations with known particle diameter and the complex refractive index.
The photoelectric efficiency of individual dust grains may thus be calculated by equations (8) through direct measurements of the quantities and expressed by equations (2) and (7).
An electron emitted from negatively charged grains, as in all experiments discussed in this paper, experiences a repulsive Coulomb force that is a function of the grain charge or its surface potential. This force is in addition to an attractive force due to an image potential force that is attractive regardless of the polarity of the dust grain charge. The photoelectric efficiency is thus expected to show an upward trend for heavily charged grains at high surface potentials compared with the values when the grain is close to being completely discharged. The photoelectric yield, however, is generally defined for neutral bulk materials with the surface potential approaching zero, as in equation (9). In the measurements presented here, the photoelectric yields are therefore based on the photoelectric efficiencies evaluated by leastsquares regression to represent the values corresponding to the surface potential φ s or the grain charge Z approaching zero. The photoelectric yield is then determined by equation (9) 
EXPERIMENTAL RESULTS ON PHOTOELECTRIC EFFICIENCIES AND YIELDS OF LUNAR DUST GRAINS AND LUNAR SIMULANTS
Measurements of photoelectric efficiencies have been carried out on sub-micron/micron dust grains selected from the sample returns of Apollo 17 and Luna 24 missions, as well as the JSC-1 lunar simulants. The size distribution of the selected particles is in the range of ~ 0.1 to 12 μm radii. The particles are exposed to a collimated UV radiation beam of width of ~ 3.5 to 4.5 mm at wavelengths of 120 nm, 140 nm, and 160 nm (photon energies of ~ 10.3 eV, 8.9 eV, and 7.8 eV). As the photoelectric efficiency is a function of the particle surface potential φ s , the measurements were made in cycles at the three wavelengths at various surface potentials, starting from the initial high value to a low value that approaches zero. The measured photoelectric efficiencies are generally found to be higher at higher surface potentials, with minimum values when the potential approaches zero. Since the photoelectric yield is defined for neutral particles as in Eq. (9), we adopt a simple procedure of plotting a least-squares linear regression to determine the efficiency that corresponds to the grain surface potential approaching zero. This value provides the photoelectric yield when convolved with absorption efficiency in accordance with Eq. (9). The absorption efficiency is calculated by using the Mie scattering theory (e.g., Bohren and Huffman, 1983, Wiscombe, 1979) , for the measured effective radius of the particle determined by the "spring point" method. The grain mass density was also determined in the process of effective radius and drag evaluations, and was found to have about the same value as measured for all the Apollo mission's average value of ~ 1.8 g/cm exp t abs Q -3 (e.g., Costes, N. C., 1972; Heiken, G. H., 1991) . Calculated plots of Q abs versus the size parameter (2 / ) a π λ are shown in figure (4) with the complex refractive index values for silica as in Draine and Lee (1984) . These values for abs Q have been used for evaluation of the photoelectric yields by equation (9) in the absence better experimental data, only to indicate the trend with grain size for comparison with the yield data for other materials published in the literature (Feuerbacher et al., 1972; Draine, 1978; Draine & Lee, 1984; Müller et al., 1988) .
The basic experimental data presented in this paper, directly usable for evaluation of charging of lunar dust, are the photoelectric efficiencies of lunar dust grains over a range of the size parameters. 
Photoelectric Yields of Apollo 17 Lunar Dust Grains
The lunar dust grains employed in the photoelectric measurements were selected from the finest portion of the sample soil (< 20 micron), Apollo 17, 71501, which is the sieved portion (< 1 mm) of the parent soil 71500. Photoelectric efficiency measurements were made on a number of negatively charged dust grains of effective radii in the 0.18 to 11.8 μm range, at UV wavelengths of 120 nm, 140 nm, and 160 nm, at various surface potentials starting from the initial high value to a low value approaching zero when the particle is ejected from the trap. A composite plot of the photoelectric yields of all Apollo 17 particles vs. the size parameter (2 / ) a π λ , employing calculations using Mie theory (Fig. 4) , is shown in Fig. 6 . The only available measurements on bulk lunar fines by Feuerbacher et al., (1972) at the three corresponding wavelengths are also shown for comparison. The measurements made on individual dust grains indicate a strong size dependence of the yields for size parameters less than ~ 100, corresponding to particle radii of ≤ 1 μm at wavelengths of 120-160 nm (photon energies of 6.7 eV to 10.3 eV), decreasing by an order of magnitude for particles of smaller radii. For larger size particles, the yields approach constant asymptotic values, representing values corresponding to bulk materials. The asymptotic values for the three photon energies, abs Q however, are larger than the bulk measurements on lunar fines made by Feuerbacher et al., (1972) by factors of ~14 to 38 for the corresponding photon energies. Possible reasons for this discrepancy are discussed in section 5. As discussed, the measured trend of the size dependence of higher yields for larger sub-micron size grains, although in conflict with the theoretical expectations of some earlier models, is found to be consistent with predictions of semi-classical models of the ionization potentials and work functions for atomic clusters, and experimental measurements on clusters composed of a few to several thousand atoms.
Photoelectric Yields of Luna 24 Lunar Dust Grains
The lunar dust samples returned by the Luna 24 Soviet mission were collected from Mare Although Luna 24 grains were collected from different regions of the lunar surface, the yield measurements are found to be nearly the same as for the Apollo 17 grains for all three wavelengths, in asymptotic values as well as the trend with respect to the grain size.
Photoelectric Yields of Dust Grains from JSC-1 Lunar Simulants
The JSC-1 lunar simulants have been used for conducting a wide range of studies for (3) Effects of: scattered UV radiation, electron emission from the trap walls, collisions with the ambient gas, particle oscillations in the radiation beam, any systematic effect difference in particle shapes and surface features, electrical fields of the DC and high AC voltages. All of the possible sources were systematically investigated analytically as well as by diagnostic experiments, with the conclusion that are negligible and do not lead to any systematic biases in the measured data.
Theoretical Considerations and comparison with measurements
Basic theory and detailed discussions relating to charging of dust grains by photoelectric emissions are available in standard texts on solid-state physics (e.g., Cusack, 1958; Kittel, 1996) . Briefly, the electrons at the surface of the neutral dust grains are confined to a potential well of the order of a few angstroms produced by equal and opposite charges believed to exist at the surface of a neutral grain. An excited electron moving towards the surface may be ejected from a grain if it has sufficient energy: to overcome the energy lost in inelastic scattering, to penetrate the double layer potential barrier at the surface, and to overcome the attractive force of the image potential of the ejected electron. An ejected electron from a positively charged particle Ze (Z > 0) is subjected to a strong attractive force due to the image potential at short distances of the order of ~ 10-500 Å from the surface, and an attractive Coulomb force at longer distances. For negatively charged particles (Z < 0), an ejected electron experiences an attractive force at short distances but also a repulsive Coulomb force at larger distances. No rigorous theoretical models of the photoelectric efficiencies or yields of individual small dust grains are available as yet.
The laboratory measurements of the photoelectric yields of Apollo 17, Luna 24 lunar submicron/micron dust grains, and the JSC-1 simulants presented here have some surprising features in view of the size dependence and the significant discrepancy with the available data for bulk lunar fines. The size dependence of the yields is found to exhibit higher values for larger grains, increasing by more than an order of magnitude with the yields approaching asymptotic values for grains of larger than a few micron radii. The asymptotic values, that are expected to be comparable to the measurements on lunar bulk fines, are found to be higher by factors of ~ 35 at 120 nm and of ~ 15 at 160 nm. The measured trend of the photoelectric yields reported here for the lunar dust grains is similar to that observed for analogs of interstellar type micron size dust grains and reported elsewhere with detailed discussion of the possible sources of measurement errors (Abbas et al., 2006a) .
A rigorous theory for calculation of the photoelectric efficiencies and yields of small submicron/micron size particles is not available as yet, and a viable explanation for the measured trend is based only on the semi-classical models. The earlier models based on geometric considerations predicted a size dependence of the photoelectric yields of sub-micron sized particles higher than the bulk values with an enhancement factor that depends on the particle radius a, and the characteristic escape lengths l e and absorption lengths l a (e.g., Watson, 1972; Draine, 1978; Weingartner and Drains, 2001 ). However, there are no definitive measurements on individual dust grains to validate the size dependence predicted by this model. A set of measurements on an ensemble of silver and gold nano-size particles appeared to indicate an enhancement compared with the bulk values for the photoelectric emissions for the silver particles only, with no enhancement for the gold particles. However, it was discovered that the observed enhancement for the silver particles was only due to contaminations of the silver particles (Burtscher and Schmidt-Ott, 1982; Burtscher et al., 1984; Müller et al., 1988) . Also, the photoelectric yields for small nano-size particles of 2.7 nm, 3.8 nm, and 5.8 nm radii exhibit size dependence proportional to the particle radius, with the yield for the 5.8 nm enhanced by a factor ~ 2 relative to the values for the 2.7 nm particles (Müller et al., 1988) . This result is contrary to the trend predicted by the above model, but consistent with the measurements presented in this paper.
In addition to the above model employed for the photoelectric yields for astrophysical applications, a large body of literature exists on work functions, ionization potentials, or the ionization energies of aggregates or cluster of atoms (e.g., Lama, 1974, 1976a,b; de Heer, 1993; Wong et al., 2003) . Semi-classical models based on image potentials have been developed for application to atomic clusters of a few atoms to a large number of atoms that could be considered to be close to bulk materials. The basic premise behind the approach for development of these models is the expectation of a systematic transition of ionization potential (IP) for single atoms, to clusters of a few to large number of atoms, extending to work function (WF) for the bulk materials. These models are designed for understanding the evolution of the physical properties of atomic systems progressing to large clusters, with the ability to predict the energy required to remove an electron from a particle of arbitrary size. . The models are being tested and validated with new cluster production and measurement techniques on clusters consisting of a few atoms to thousands of atoms (e.g., Ekardt, 1985; Seidl et al., 1991; Bréchignac et al., 1992; Dugourd et al. 1992; de Heer et al., 2003; Wong et al. 2003) . The measurements clearly indicate lower ionization potentials and therefore higher expected photoelectric yields for larger clusters. Specifically, the ionization cross-section measurements as a function of photon energy by Bréchignac et al. (1992) for alkali atom-clusters of 170, 500, and 900 atoms indicate some surprising features with successively much higher plateau values for the larger clusters. The size dependence of the photoelectric yield measurements on sub-micron/micron size lunar dust grains presented in this paper are thus consistent with the photoelectric yield, ionization potential and ionization cross-section measurements on clusters and nano-meter size particles. Other than the similar photoelectric emission measurements on the analogs of cosmic dust grains (Abbas et al., 2006) , no direct measurements on individual sub-micron/micron size dust grains are available for comparison.
Comparison with bulk measurements on lunar fines
The only photoelectric emission measurements on lunar dust reported in the literature are those made by Feuerbacher et al., (1972) the discrepancy between the two measurements is not clear. However, it is important to note that the measurements by Feuerbacher et al. (1972) were made on an aggregate lunar sample composed of lunar fines of less than 1 mm in size, 20% by weight of which are believed to consist of smaller than 20 μm, and 10% by weight of smaller sizes. Since the UV photon absorption and electron ejection and escape is a complex process, the yield measurements by Feuerbacher et al. (1972) may not be truly representative of bulk measurement. It is not inconceivable that the measurements represent the average yield of sub-micron/micron size grains in the lunar sample under test. If the yields were assumed to represent the values for sub-micron size particles levitated above the sample surface in the stainless steel cup, the inferred particle size would be of ~ 0.5 -1 μm diameters for yields comparable to those reported in this paper.
SUMMARY/CONCLUSIONS
We have presented the first photoelectric efficiency measurements made on individual dust grains selected from the Apollo 17 and Luna 24 samples as well as the JSC-1 lunar simulants.
A summary and significant results of the measurements are summarized in the following.
(1). The measurements were made on individual dust grains with effective radii in the ~ 0.1 to 11.8 μm range, levitated in an electrodynamic balance and illuminated with UV radiation at wavelengths of 120 nm, 140 nm, and 160 nm (10.3 eV, 8.9 eV, and 7.8 eV).
(2) The photoelectric efficiencies of the individual dust grains, defined as the number of electrons emitted per photon incident, were measured by direct measurements of the two quantities involved. The photoelectric yields, defined as electrons emitted per photon absorbed, are then determined by convolving the measured photoelectric efficiencies at grain surface potentials approaching zero, with the absorption efficiencies calculated by using Mie theory for the effective radii of the dust grains with assumed complex refractive indices of the grain material. The calculated yields corresponding to any measured values of refractive indices may be conveniently determined in accordance with equation (9), with similar trends and size dependences as discussed in this paper.
(3) The photoelectric efficiencies are found to be a function of the particle charge or surface potential. This dependence is observed to be stronger for small grains of submicron size radii compared with grains of larger size. A viable theoretical explanation for this trend remains to be developed.
(4) The measured photoelectric efficiencies and yields of individual lunar dust grains indicate a size dependence with the yields becoming smaller by an order of magnitude for grains with effective radii less than a micron. For larger grains, the yields approach a constant asymptotic value that may be compared with the values obtained from measurements on bulk materials. The asymptotic values, however, are found to be more than an order of magnitude larger than the bulk measurements on lunar fines reported in the literature. The reasons for the discrepancy between the two measurements are not clear.
(5) The yields for the dust grains from the Apollo 17 samples are found to be similar to those measured for the Luna 24 dust grains. The yields for the dust grains selected from the JSC-1 lunar simulants, however, are measured to be lower than the lunar dust grains by factors of the order of ~ 4 to 1.5 at UV wavelengths of 120 nm to 160 nm respectively.
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Figure 2. A polystyrene particle of 2.3 μm radius successively charged with UV radiation, discharged with a 2500 eV electron beam, and charged with "white light" UV radiation from deuterium lamp. Figure 3 . Variation of charge q and DC voltage V DC of a 0.18 μm radius negatively charged Apollo 17 dust grain exposed to UV radiation. The particle is ejected from the trap when the charge approaches zero. Figure 4 . The absorption efficiency Q abs as a function of the size parameter (2πa/λ), using Mie scattering theory, using complex refractive indices for Silica from the data in Draine and Lee (1984) .
Figures 5a-c. Plots of the photoelectric efficiencies of two individual Apollo 17 dust grains of effective radii 0.18 μm and 1.75 μm radii illuminated with UV radiation at 120, 140, and 160 nm wavelengths. 
